In modern geophysics, hydrostatic dependence of pressure on the depth in the lithosphere is postulated. It is considered evident and requiring no proof. As shown in the present work, the above postulate is erroneous. Proceeding from one of the fundamental laws of physics related to the minimum of potential energy in the equilibrium state, one can derive a nonhydrostatic solution of the elasticity equation with minimum elastic energy referred to as a Gravitational Equilibrium Field with an energy by an order of magnitude less than the hydrostatic field energy. The Earth's solid shell like a bearing structure carries its own weight, which reduces the pressure on the surface of the liquid nucleus down to zero. The influence of solidity in the subsurface region of the Earth is characteristic. As the calculation shows, although the rock density in the crust is thrice as much as that of the water, the pressure in the ocean at the same depth is higher than the pressure in the solid crust, which is an account for the existence of land. If there was a hydrostatic stress distribution, the pressure under the continents would be thrice as much as that in the ocean and the continents would descend below sea level.
Introduction
At the present-day level of geophysics, the problem on the stress field in the lithosphere has been poorly investigated in terms of theory. It is postulated that the stress field in the lithosphere is hydrostatic in nature and coincides with the pressure field in the liquid of the same density [1] . It means that the stress tensor for the lithosphere has stress components other than zero on the main diagonal and they are equal. The hydrostatic stress distribution in the lithosphere is considered "evident" and requires no explanation or proof. The models of the Earth's structure, which have been suggested, are based on the above postulate.
The lithosphere stress field is fundamental in geophysics. It determines the parameters of the plastic flow, the tectonic plate movement, the formation of earthquake and volcano chamber. The knowledge of these stresses is essential in designing engineering underground structures, as well as for geological exploration and other purposes.
In this work, the main principle determining the formation of the lithosphere stress field is one of the fundamental laws in physics and, namely, a system is in equilibrium at minimum of its potential energy. If its potential energy exceeds its minimum, then there appear some forces that tend to bring a system to equilibrium. During the geological period of time, the processes occurring in the lithosphere must bring it to the equilibrium state with minimum elastic energy, which considerably differs from the hydrostatic field.
Stress Field
The lithosphere is a spherical solid crust with the external radius R and the internal radius 0 r . Here R is the Earth radius and 0 r is the nucleus radius. Let us consider the following problem. In the absence of gravitation there are no elastic stresses in the crust. They arise after gravitation appears and can be derived from the equation of elastic equilibrium [2] :
Here σ is the elastic stress tensor (summation is performed by the repeated index from 1 to 3), i f is the volume force density, in this case, the gravitation force per unit of mass is ( ) ( )
where γ is the gravitation constant, ( ) r ρ is the mass density, r is the distance to the Earth center. A spherical system of coordinates with the origin in the Earth center is chosen. The problem is centrally symmetric, therefore, only the radial component of the mass force vector is different from zero which is expressed by the relation (2.2). Further we shall consider the density ( ) r ρ in the first approximation to be constant in the lithosphere and independent of the radius r . In this case, (2.2) is written as 
ν is the Poisson coefficient, K is the modulus of cubic compressibility, ∇ is the nabla operator, 2 ∇ is the Laplace operator. Let us also consider the elastic moduli constant. Due to the spherical symmetry of the elastic displacement vector U , only the radial component r U is different from zero and (2.3) is written as ( )
The deformation tensor in the spherical coordinates looks like The nondiagonal components are zero. Equation (2.5) integrates to the following expression Here C is an arbitrary constant. According to the theory, it is necessary to add a general solution of the homogeneous equation to (2.7).
( )
C is an arbitrary constant. Adding together (2.7) and (2.8) we obtain the displacement field The deformation field for (2.9) is written as 
Here K is the modulus of cubic compressibility, λ and µ are the Lamé coefficients. The first component in (2.14) is the elastic energy density caused only by the change of the volume, while the second component is the elastic energy density caused only by the shear.
The stress field is
The deformation tensor is written for the main axes and, therefore the nondiagonal components are zero. The Equation (2.15) can also be written in this way 2 3
Similarly to (2.14) the first component in (2.16) is the contribution of the volume change into stress, whereas the second component is the shear deformation contribution. From (2.17) it follows that at the shear modulus 0 µ = , that is for a liquid,
The value of Kυ is the hydrostatic pressure in a solid. The Poisson coefficient is
For a liquid sphere in the expression for a shear (2.9) we assume 1 0 C = to avoid divergence at the origin of coordinates. The constant C written as 0 C for a liquid to differentiate it from the same constant in a solid (2.10) is specified by the pressure on the external boundary of a liquid sphere. Then from (2.10), (2.11) and (2.16) we obtain for a liquid
The above formula yields the dependence of pressure on the depth in a liquid at its constant density. From the equality
If a gravitating sphere has a solid shell with a liquid nucleus inside, then when determining the stress field of the lithosphere, unlike a liquid sphere, we should consider that 1 0 C ≠ . The deformation field in the solid shell is given by (2.10) and, according to (2.12), the arbitrary constants and the lithosphere stresses including those on its internal boundary are determined at 0 r r = . The above solution is not implemented in nature. However, it is needed as a starting point for finding a realizable solution.
It is worth noting some specific features of the solution (2.9). There are no stresses in the absence of gravitation. Application of gravitation results in an elastic field (2.10). If gravitation is removed, then the elastic field disappears, that is, there is no plastic flow at loading, which disagrees with materials science data. At any value of loading the processes of plasticity and mass transfer take place in a solid. The assumption of the absence of plastic deformation holds true only for short time intervals. Taking into account the long time of the lithosphere existence, mass transfer caused by diffusion, a magma flow, etc., makes a large contribution to the stress field. As a result, the elastic field changes so that its elastic energy decreases. During the geological period, the lithosphere elastic field energy reaches its minimum irrespective of the initial stress distribution. The elastic filed with minimum energy is the GEF.
The mass transfer effect can be considered as an additional dilatation to (2.10) ( )r υ = ∇ ⋅U which must be treated as a displacement source and one should use the method for the solution of the equation of elastic equilibrium (2.3) with displacement sources [3] . Here Û is the field of a displacement source caused by the mass transfer and producing dilatation, which is similar to expansion of a solid at heating. Another example is swelling of a material at radioactive irradiation when point defects are introduced, which increases its volume. The unknown vector Û is found from the condition of the minimum of elastic energy. The problem is spherically symmetric, therefore, Û depends only on the distance to the Earth center and it has only one non-zero radial component. According to (2.6), we can define the deformation produced by the vector Û The deformation tensor is written as The unknown function υ should be chosen so that the energy W is minimum. From (2.26) according to the variation analysis theory, the Euler equation for determination of the function expressing the minimum energy W is written as [4] ( ) ( ) ( ) ( ) ( A complete deformation field is written in the form of (2.22). The stress field is written according to (2.15) and has the form 2 3
The elastic field which provides the lithosphere minimum elastic energy under gravitation is denoted by the tilde. The hydrostatic pressure is (2.24). On the Earth surface at r R = the boundary condition is similar to (2.12)
On the Earth surface normal stress must be equal to the atmospheric pressure or that of the water near the bottom of a reservoir. As a result, we obtain a set of two linear Equations (2.31) relative to 1 C and 2 C . By virtue of the equality ϑϑ 
Here we designate Here the pressure has a negative value due to the fact that in the elasticity theory the deformation of compression is a negative value while tension is a positive one. As density we take a value 3 4000 kg m ρ = resulting from averaging the data on the lithosphere density from [6] . Figure 1 shows the plots of the stresses rr σ  and ϑϑ σ  , the pressure p  derived from (2.24) as well as the plot of the hydrostatic pressure taken from [7] . In the plots the sign of tilde is absent. If the value of pressure at the nucleus boundary is taken to be equal to 11 10 Pa P = , then the energy value (2.27) is 30 4.2 10 J W = × , and for the hydrostatic stress it is 31 3.2 10 J W = × . The energy of the nonhydrostatic field stresses is by an order of magnitude less. Since the pressure P at the lithosphere internal boundary is unknown, here you can see calculation for several values of P. The pressure P can also be determined from the condition of minimum energy. Calculation of the minimum energy by P shows that minimum energy will be on the lithosphere internal boundary at a positive value, that is, in tension. However, a liquid nucleus cannot undergo tensile stresses, at least its surface pressure can be zero. Figure 2 shows a plot of the stress field under internal boundary pressure of the lithosphere at 0 P = in (2.23). As one can see in the plot, the radial stress is considerably less than for the case in Figure 1 , and the elastic energy for this case is Figure 2 and Figure 3 one can see that the stresses nearly at the whole depth of the lithosphere weakly depend on the value of P, whereas in the subsurface layer, which is several hundred kilometers thick, they coincide.
Redistribution of stresses from hydrostatic to the GEF can be illustrated by the following example. If a spring is fixed in a stress condition, then, in terms of the elasticity theory, it is in the equilibrium position. However, as is known from materials science, under stress the process of plastic relaxation is taking place in the spring decreasing its stress field energy. It is a well-known fact that springs under stress weaken with time. If one waits long enough, then the elastic deformation will completely disappear and the spring energy will become zero. The same process occurs in the lithosphere. At first the stress distribution can be arbitrary. But if the energy is not minimum, then in the lithosphere, just like in a loaded spring, the processes of plastic relaxation will start which decrease its elastic energy and in the long run, will reduce it to minimum-the GEF. Thus, the lithosphere proves to be a bearing system, which, similar to building structures, bears its load, its weight, without transferring it to the nucleus and can even ensure that the pressure on the nucleus surface is equal to zero.
Subsurface Region
By Equations (2.22), (2.24) and (2.33), one calculates the pressure p  in the crust at small depths depending on the lithosphere surface pressure. The results are shown in the Table 1 . Both in the atmosphere and the ocean, a stressed state is purely hydrostatic unlike the crust, and therefore, in (2.31) 0 p denotes the pressure under the ocean bottom at various depths. In the calculation in (2.33) the density value 3 3000 kg m ρ = is the characteristic density value of the Earth crust. The Table 1 below shows the pressure values calculated according to the above formulae taking into account the pressure produced by the water in the ocean. The first column indicates the depth in kilometers starting from sea level. The second column shows the pressure in the crust at atmospheric pressure 0 p on a free surface. The third column shows the pressure in the ocean at a depth of 5 km and the pressure in the crust under the ocean depth. In this case, the water pressure at the ocean bottom will be 0 500 p . In the fourth column, it is the same only in the ocean at a depth of 10 km, where the pressure at the ocean bottom will be 0 1000 p . Cells related to the ocean are highlighted in blue. Here one can clearly see the role of the solid character of the lithosphere. In spite of the fact that the density of solid rocks is three times higher than that of the water, at a depth of 5 km the pressure in the ocean is by 13% higher than that in the crust. At a depth of 10 km the discrepancy is even larger. This example shows the principal difference of the stressed state of the lithosphere from hydrostatics.
The existence of land is caused by this effect. If the lithosphere had a hydrostatic pressure distribution, then the pressure would be greater under the continents, since their density is three times as much as that of water, and in the course of time, they would sink below sea level. At a hydrostatic stress distribution, the uniform distribution of water on the planet surface is more favorable in terms of energy. The ability of the lithosphere to bear a load, i.e., its weight basically changes the situation.
It can be of interest to carry out energy research into the relation of land and ocean areas. It seems likely that this relation is also determined by minimum elastic energy. But this is a question of a separate investigation.
In modern geophysics when considering stresses in the lithosphere, they postulate them as hydrostatic; there are no shear stresses. The distribution of pressure in a liquid with the same density as in the lithosphere is taken as the equilibrium state [1] , which is considered unquestionable and is not even discussed. The solid properties in the lithosphere do not matter in this hypothesis. On the whole, when dealing with physical problems one must proceed from general physical laws. One of them is the principle of minimum energy in equilibrium. Hydrostatic stress distribution does not ensure the minimum. Minimum elastic energy occurs at the GEF. Even near the Earth surface, the pressure in the crust is greatly different from the hydrostatic pressure in the ocean. It is related to the fact that hydrostatic distribution has no shear stresses, and energy is the quadratic stress function. If shear stresses are introduced, one can reduce normal stresses and decrease energy. In this work the coordinate system is chosen in the main axes, in which only stress tensor components along the main diagonal are different from zero, but, unlike the hydrostatic case, they are not equal. In the nonhydrostatic case, in the coordinate system rotated relative to the main axes, there are nondiagonal components different from zero, whereas in the hydrostatic case, in any coordinate system nondiagonal components, there are components of zero and diagonal ones are equal.
The nonhydrostatic character of the pressure in the crust can be used for engineering purposes. For example, one can artificially decrease the nonhydrostatic character of the stresses in a local site of the crust, in particular, above an oil field, which will raise the pressure in an oil stratum and, as a result, increase its oil recovery. Other applications are also possible.
